ESTRO 35 2016 _____________________________________________________________________________________________________ Purpose or Objective: Contrast enhancement and respiration management are widely used during image acquisition for radiotherapy treatment planning of liver tumors along with respiration management at the treatment unit. However, neither respiration management nor intravenous contrast is commonly used during cone-beam CT (CBCT) image acquisition for alignment prior to radiotherapy. In this study, the authors investigate the potential gains of injecting an iodinated contrast agent in combination with respiration management during CBCT acquisition for liver tumor radiotherapy.
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Inter-fraction bladder variations in RT of prostate cancer: impact on dose surface maps A. Botti 1 , F. Palorini 1 Arcispedale S. Maria Nuova, Medical Physics, Reggio Emilia, Italy 2 , V. Carillo 2 , I. Improta 2 , S. Gianolini 3 , C. Iotti 4 , T. Rancati 5 , C. Cozzarini 6 , C. Fiorino 2 2 San Raffaele Scientific Institute, Medical Physics, Milan, Italy 3 Medical Software Solutions GmbH, Medical Physics, Hagendorn, Switzerland 4 Arcispedale S. Maria Nuova, Radiation Ocology Unit, Reggio Emilia, Italy 5 Istituto Nazionale dei Tumori IRCCS, Prostate Cancer Program, Milan, Italy 6 San Raffaele Scientific Institute, Radiotherapy, Milan, Italy Purpose or Objective: Bladder is a hollow and flexible organ exposed to high doses in RT for prostate cancer. Its absorbed dose can be properly described by the dose surface maps (DSM) however, due to its flexible nature, the discrepancy between the planned dose and the dose absorbed during the treatment is a major issue. Present work aims at verifying the robustness of DSMs relative to the daily inter-fraction movement of bladder during RT of prostate cancer. Material and Methods: 18 patients treated with moderately hypofractionated Tomotherapy were considered (prescription of 70 Gy at 2.5 Gy/fr in 28 fractions and full bladder). All patients underwent daily Image Guided Radiotherapy (through MVCT) with rigid registration on the prostate. After matching, bladder contours were delineated on each MVCT by a single observer and copied on the planning CT: the planned dose distribution was employed to generate DSMs. For each patient, the bladder DSMs from the planned treatment and from each fraction were then computed by unfolding the bladder contours on a 2D plane: they were anteriorly cut at the points intersecting the sagittal plane passing through the center of mass. The DSMs were then laterally normalized and aligned at the bladder base, while cranially they were cut at the minimal extension of the planned DSMs. Discrepancies between planned and treatment DSMs were analyzed through the average map of individual systematic errors, the map of population systematic errors (standard deviation of individual systematic errors) and that of population random errors (average of individual random errors) of dose.
Results: 472 normalized DSM were considered (cranial extension 34 mm): the mean number of available daily MVCTs was 25 (18-28) per patient. The Figure shows the average planned map (panel A), the average map of individual systematic errors (B), the map of population systematic errors (C) and that of population random errors (D). Two main regions can be recognized: 1) the central posterior bladder base (light/dark blue in D) and 2) the region that surrounds it, involving the lateral and the more cranial portion of bladder (orange/red in D). Region 1), which absorbs the highest doses (see A), appears to be the most stable one during the treatment: panel B shows mean values between -1 Gy and 1 Gy in region 1) and around 2-3 Gy in 2). Population systematic (C) and random errors (D) are below 4 and 3 Gy respectively in region 1), while they reach values between 6-11 Gy and 5-7 Gy, respectively, in 2).
Conclusion:
The results show that DSMs are quite stable with respect to changes occurring during daily IGRT for prostate cancer in the high-dose region, in the first 1-2 cm from bladder base. Larger systematic variations occur in the anterior portion and cranially 2.5-3.5cm from the base: these effects may be due to systematic differences in bladder filling and to systematic shits of bladder base between planning and treatment.
PV-0378
CBCT derived CTV-PTV margins for elective pelvic node irradiation of prostate cancer patients C.A. Lyons beam CT (CBCT) images, for use in prostate external beam radiotherapy (EBRT) with elective pelvic nodal irradiations.
Material and Methods:
CBCT images from 20 patients undergoing radical EBRT to the prostate and pelvic nodes were analysed. Each patient had an average of 5 CBCT images (range= 4 -7) acquired during their treatment. Eclipse (version 13.5) was used to contour the pelvic nodal volumes on the CBCT images and to rigidly register the images to the original planning CT (pCT). Two different image-registration protocols were investigated; a bone match and a soft tissue match to the prostate. All CBCT contours were transferred to a single structure set, accounting for translational shifts in the registration. Boolean logic tools were used to create two composite volumes based on the CBCT contours and the two registration methods. Figure1 (a) displays an example axial CT view of CTV contours on the original pCT together with individual prostatematched CBCT CTVs and their corresponding composite structure. The structures were compared to the original CTV with a uniform margin (0 -8 mm) applied to generate a PTV. The percentage overlap of the PTV with the composite structures was used to quantify agreement and compare the two registration types. A Mann-Whitney U test was used to evaluate the significance of differences between the distributions of percentage overlap values for the two match options. The margin required to achieve 95% overlap of the grown PTV with each composite volume was interpolated from these results and used to estimate a CTV-PTV margin for each match.
Results: Figure1 (b) displays box-whisker plots for the percentage overlap values from each ofthe CTV-PTV margins for the 20 patients. As expected, a better overlap was generally achieved with a bone match. Results of statistical tests are also included in the plot, where it is observed that the difference between the two distributions is statistically significant (p< 0.05) for all margins ≤ 6 mm. Table 1 summarises results obtained for the sample studied, including an estimate ofthe margins required to achieve 95% overlap with the composite structures for 90% of patients. These margin values were calculated assuming a normal distribution for the frequency of margin size required to achieve 95% overlap.
Conclusion:
Using the simple approach outlined, CTV-PTV margins of 6 or 7.5 mm have been calculated for the external beam irradiation of pelvic node volumes when performing online matching to bone or prostate structures respectively. This approach is based purely on anatomical data and does not consider dose coverage or delineation error. The study involved the analysis of an average of 5 CBCT images per patient making the results of particular relevance to SABR fractionation schedules. Purpose or Objective: Temporally resolved cone-beam CT (CBCT) has many advantages when compared to 3D CBCT for image-guided radiotherapy of lung cancer. E.g. superior setup accuracy and the possibility to quantify tumour motion. The 4D CBCT methods currently employed clinically require increased scan times however. In addition, relying on filtered backprojection algorithms for reconstruction, 4D CBCT reconstructions obtain significantly lower quality than 3D CBCT. Several algorithms exist, which improve the image quality of 4D CBCT through iterative image reconstruction, but long reconstruction times have made them unsuitable for setup and online verification purposes. We present a novel reconstruction algorithm, which allows for iterative 4D CBCT reconstruction in 60s from a 60s acquisition.
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Material and Methods: 672 projections were acquired using the onboard imager on a Varian Trilogy linear accelerator using a standard 60s 3D protocol. Initially a standard FDK reconstruction was performed and used as starting point for the iterative algorithm. The respiratory signal was extracted using the RPCA Amsterdam shroud method and the projections respiratory sorted in 10 temporal bins. The 4D CBCT was then reconstructed using prior image constrained compressed sensing (PICCS) based on a novel algorithm combining ordered subsets, Nesterovs method, and the Arrow-Hurwicz algorithm for image denoising. Reconstruction was performed on a single GPU (Nvidia GTX Titan X). For comparison, we reconstructed the same data using the McKinnon-Bates algorithm (4D filtered backprojection). Both reconstructions with a voxel size of 1x1x3 mm3.
Results:
The figure compares a representative axial slice from one temporal phase reconstructed using our fast iterative method and the standard 4D non-iterative method respectively. The standard image is contaminated by significant streaking artefacts and demonstrates poor tumour visibility. The proposed method, on the other hand, does not exhibit streaking and depicts the tumour clearly. The reconstruction time for the iterative method was 63s.
